ABSTRACT. Sweet potato is normally cultivated in wet land after rice or in dry land during rainy season. N fertilization is commonly applied to increase sweet potato yield. Therefore, the economic feasibility of using selected N fertilizer in sweet potato farming in dry land was studied. Three improved varieties, namely Jago (white-fleshed), Beta 2 (orange-fleshed), and Antin 2 (purple-fleshed) were grown at the Experimental Station of Muneng, East Java and treated with six N fertilization as follows: F1= 0 N fertilization as a check; F2= 50 kg/ha of Urea; F3= 100 kg/ha of Urea; F4= 100 kg/ha of ZA; F5= 200 kg/ha of ZA; and F6= 5,000 kg/ha of manure. The treatment is assumed to be economically viable if the value of Marginal Benefit Cost Ratio (MBCR) is greater than 1. The results showed that the combination of F2 with Beta 2, F3 with Antin 2, and F5 with Beta 2 were viable with the MBCR value of 17.13, 25.85, and 11.61, respectively. Although the data was limited, the study tentatively concludes that profitable N fertilization for sweet potato farming considerably depends on differences in yield, N fertilizer source and dose, as well as selling price of particular variety.
INTRODUCTION
Sweet potato (Ipomoea batatas L.) as a food crop has been long cultivated in Indonesia. About 89% of sweet potato production is used for foods, particularly traditional foods (snacks) and to a lesser amount for ingredient of sauce industry. In particular, sweet potato is consumed as a staple food in Papua. The harvested area of sweet potato in Indonesia in 2014 was about 156.8 thousand ha with the total production of 2.38 million ton and productivity 15.2 ton/ha (BPS, 2016) . This gave Indonesia as the fourth rank of sweet potato producer worldwide. This production is yet possible to be increased as the application of appropriate cultivation technologies, including high-yielding varieties may raise the productivity as high as 20-30 ton/ha (Jusuf & Ginting, 2014) . The high sweet potato production would has great impacts in terms of generating farmers' income.
Currently, the development of sweet potato food products with regard to supporting food diversification program is intensively performed. This considerably will require guaranteed supply of fresh sweet potato as an ingredient. The application of appropriate cultivation techniques, particularly the use of recommendation fertilizers and improved varieties therefore is essential to increase sweet potato production. A number of high-yielding improved sweet potato varieties (> 25 ton/ha) with different flesh colors have been released by Indonesian Ministry of Agriculture (Indonesian Legumes and Tuber Crops Research Institute, ILETRI), 2016) and needs to be adopted by farmers and utilized by industries. This includes the white-fleshed variety, namely Sukuh, Shiroyutaka, and Jago (25-30 ton/ha), Beta 1, Beta 2, and Beta 3 (orange-fleshed varieties) that are rich in beta-carotene (34-35 ton/ha) as well as Antin 2 and Antin 3 (purple-fleshed varieties) with high anthocyanin content(130.2 mg and 150,7 mg/100 g fresh weight, respectively) and yield of 30-37 ton/ha. Antin 2 is also drought tolerance and that is suitable for upland farming. In Malang area, East Java province, the price of purple-fleshed sweet potato is double if it is compared to that of white and orange-fleshed sweet potatoes (Ginting, Utomo, & Yulifianti, 2014) . Therefore, it is an attractive point for farmers to cultivate these improved varieties with respect to their high yielding capacities and high price in the market.
Sweet potatos is commonly cultivated in upland during the rainy season or in wet land after rice. Sweet potato cultivation in the upland is predominantly done by farmers in Indonesia. Recommended fertilizer application for sweet potato includes 45 kg of N, 30 kg of P 2 O 5 and 60 kg of K 2 O (Indonesian Legumes and Tuber Crops Research Institute, ILETRI), 2012) and is similar for most of sweet potato cultivars. However, (Villagarcia, 1998) reported the differences in N utilization and N uptake exhibited by sweet potato cultivars and environment. Previous studies showed that NPK fertilization increased the yield and nutrient contents of horticulture, cereals, legumes, tubers as well as oilseed crops (Wang, Li, & Malhi, 2007; Shaaban & Kisetu, 2014) . N fertilization significantly increases the tuber yield of sweet potato (Jett & Mulkey, 1996) . However, the excessive use of N fertilizer would increase nitrat residue in the fresh tuber and be a contamination source of underground water that is normally used for drinking water (Bundy & Andraski, 2005; Abah, Akan, Uwah, & Ogugbuaja, 2008) .
Other previous study revealed that N fertilizer had negative effect on sweet potato yield grown on sandy soil in the humid lowland of Papua New Guinea although in many tropical soils, sweet potato yield might be increased using inorganic fertilizers (Hartemink, Johnston, O'Sullivan, & Poloma, 2000) . The use of 300 kg/ha of NPK fertilizer for local cultivars of Irish potato on an ultisol of Morogoro, Tanzania significantly increased the tuber yield as well as net benefit and benefit cost ratio based on the partial budget analysis (Shaaban & Kisetu, 2014) . However, the information on appropriate sources and doses of N fertilization to increase sweet potato production in upland as well as the economic feasibility for its application at farm level is yet lacking. Therefore, this study was performed to obtain the effect of the different sources and doses of N fertilization on yields of selected improved sweet potato varieties and to analyze their responding economic feasibility.
RESEARCH METHOD
This study was conducted at the Experimental Station of Muneng, Probolinggo Regency, East Java during the first dry season of 2015. The trial was a split plot design, with three replicates. The main plot was sweet potato varieties, namely Jago (white-fleshed), Beta 2 (orange-fleshed), and Antin 2 (purple-fleshed) and six N fertilization as the split plot as follows: F1= 0 N fertilizer as a check; F2= 50 kg/ha of Urea; F3= 100 kg/ha of Urea; F4= 100 kg/ha of ZA; F5= 200 kg/ha of ZA; and F6= 5,000 kg/ha of manure.
Sweet potatos were planted in a plot sized of 4 m x 5 m (20 m 2 ) with spacing of 100 cm x 25 cm (4 rows x 20 holes). About100 kg/ha of SP36 + 100 kg/ha of KCl were applied as basic fertilizers that were similar to that control treatment. At harvest time (the age of 4 to 4.5 months), the number of tubers and weight of fresh tubers in each harvest plot (3 rows of mound along 5 m) were calculated. The economic feasibility of sweet potato farming by using selected N fertilization was also observed. The data collected were tuber yield, total variable costs, and the benefit. The revenue or gross benefit was calculated as tuber yield (kg/ha) x field price that farmers receive for the sale of tubers per kg. The total variable cost was calculated as the sum of all production cost issued for the farm. The net benefit or marginal return was calculated by subtracting total variable costs from gross benefit.
The feasibility of sweet potato farming was analyzed by using Marginal Cost Benefit Ratio (MBCR). MBCR is a ratio between net benefit and marginal cost (FAO, 1990) . The mathematical equation for calculating MBCR is:
where Bt1 = the benefit of the new technology (sources and doses of N fertilizers), Bt0 = the benefit of the previous technology (without N fertilization; used as a control), ICt1 = the treatment input cost of the new technology,
ICt0 = the treatment input cost of the previous technology
If MBCR value is less than 1, the selected N fertilization is economically not viable to be developed. Otherwise, if it is greater than 1, the selected N fertilization is economically viable to be developed.
RESULT AND DISCUSSION
Based on the analysis of variance, the interaction of varieties and N fertilization had no significant effect on the productivity of sweet potato. Among three varieties, Beta 2 showed the highest productivity, i.e. 53.34 kg/plot, 63.9% and 369.8% higher than those of Jago and Antin 2, respectively. The highest productivity of Beta 2 due to the highest number of tubers per plot and vice versa for Antin 2 (Table 1) . N fertilization sources and doses had no significant effect on the productivity of sweet potatos ( Table 2 ). The result was in line with the study of (Hartemink et al., 2000) where N fertilizer failed to substantially increase the yield of taro and sweet potato. However, the finding of this study was contradictive for some other previous studies Talleyrand & Lugo-Lopez, 1976 in (Ankumah, Khan, Mwamba, & Kpomblekou-A, 2003 . Harris (1992) reported that due to N is a component of protein, N fertilization is very essential for a growth and development. Zamil, Rahman, Rabbani, & Khatun (2010) reported that the application of N levels significantly affected the number of tubers/hill, weight of tubers/hill, yield of tubers and seed tubers/ha. Even, the study of Abdissa, Dechassa, & Alemayehu (2012) reported that the use of manure and phosporus can increase root diameter, enhance soil micronutrients, and result better root growth and tuber yield.
The declining trends of tuber yield as observed in Table 2 suggest that the application of 50-100 kg/ha of Urea, 100-200 kg/ha of ZA, and 5,000 kg/ha of manure are not quantitively viable. The study of Shaaban & Kisetu (2014) might answer the finding of this study where the check could have higher tuber yield compared to N fertilization treatments. The study of Shaaban & Kisetu (2014) revealed that the tuber yield obtained higher by control treatment than 150 kg of NPK per ha could be influenced by the ability of the crops to adjust themselves to the deficiency of nutrients in the soil. Thus, they take a benefit from the residual nutrients in the soil. Partial budget analysis of sweet potato farming under N fertilization treatment indicated the highest total cost (IDR 25.78 million) was obtained where 5000 kg of manure was applied. On the other hand, the lowest total cost (IDR 23.40 million) was obtained by the application of the check. On the contrary, the gross benefit of the check was the highest (IDR 41.54 million), while the gross benefit if 5000 kg of manure applied was the lowest (IDR 35.37 million) (Table 3 ). In addition, the highest marginal return (IDR 18.14 million) and the highest benefit cost ratio (0.8) were recorded for the check. From the study, it is suggested that sweet potatos still can be produced profitably in the study area with the minimum fertilization application, without considering to the availability and the high prices of N fertilizers in the market. This finding is also in line with the finding of Shaaban & Kisetu (2014) .
All treatments had economic benefit. The benefit cost ratio that was less than 1 indicated that sweet potato farming was not viable to be developed (Table 3) . Therefore, to determine the benefit cost ratio, it should be more specified for each improved variety of sweet potato combined with each N fertilization treatment, the marginal benefit cost ratio (MBCR) which calculated ratio between the difference of benefit obtained from the selected N fertilizer application with the check and the difference between input cost paid from the use of selected N fertilizer treatment with the check was used (Table 4) . Benefit cost ratio 0.8 0.7 0.6 0.5 0.7 0.4 *Six N fertilization treatments: F1= 0 N fertilization as a check; F2= 50 kg/ha of Urea; F3= 100 kg/ha of Urea; F4= 100 kg/ha of ZA; F5= 200 kg/ha of ZA; and F6= 5000 kg/ha of manure **The average field price of sweet potato was IDR 2438/kg, whereas the price of purple-fleshed sweet potato was IDR 3000/kg and price of white-fleshed and orange-fleshed sweet potato was IDR 1875/kg From 18 combination treatments, three combination treatments namely Urea 50 kg/ha with Beta 2, Urea 100 kg/ha with Antin 2, and ZA 200 kg/ha with Beta 2 were viable with the MBCR value of 17.13, 25.85, and 11.61, respectively (Table 4 ). An increase of IDR 1.00 in production cost to replace the check with such N fertilizer applications gave a profit increase of about IDR 17.13; IDR 25.85; and IDR 11.61, respectively. The two combination treatments of Urea 50 kg/ha with Beta 2 and ZA 200 kg/ha with Beta 2 had proved that the combination of improved variety resulted the highest productivity (Table 1) . Thus, is suggested that regarding to the doses of N fertilization from ZA source, it needs equal or more than 200 kg/ha and from Urea source, it needs equal or less than 50 kg/ha for achieving optimum tuber yield (Table  2 ) and they were viable. For combination treatment of Urea 100 kg/ha with Antin 2, although Antin 2 had the lowest productivity (Table 1 ) and the application of Urea 100 kg/ha resulted the lower productivity than Urea 50 kg/ha (Table 2) , but the field price of Antin 2 (purple-fleshed sweet potato) was relatively much higher than Beta 2 (orange-fleshed sweet potato). That is IDR 3000/kg compared to IDR 1750-2000/kg. The high selling price of Antin 2 influenced high benefit. Therefore, this combination was also viable. This suggested that beside the yield and N fertilizer source and dose, profitable N fertilization for sweet potato farming considerably depends on differences in selling price of particular variety.
The implication of this study is to increase the economically benefit of sweet potato farming, it is not only limited to the application of recommended cultivation technology (includes N fertilization), but also the selection of high-yielding improved sweet potato varieties that have the high selling price in the market.
CONCLUSION
The combination treatments of Urea 50 kg/ha with Beta 2, Urea 100 kg/ha with Antin 2, and ZA 200 kg/ha with Beta 2 were viable with the MBCR value of 17.13, 25.85, and 11.61. It means that the increase of IDR 1.00 in production cost to replace the control (without N fertilization) with such N fertilizer applications give a profit increase of about IDR 17.13; IDR 25.85; and IDR 11.61 . Although the data was limited, the study tentatively concludes that profitable N fertilization for sweet potato farming considerably depends on the differences in yield, N fertilizer source and dose, as well as the selling price of particular variety.
